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Summary  
Topographical variation in the articular cartilage and subchondral bone of the normal ovine knee wasexamined using 
histological techniques. The articular cartilage was examined grossly, then histological sections were cut and the 
cartilage thickness and chondrocyte density were measured. Bone mineral density, thickness of the subchondral bone 
plate (SBP) and volume and surface histomorphometrical p rameters and mineral apposition rate were calculated for 
the subchondral bone. 
It was found that the articular cartilage on the tibial plateaux was thicker, less cellular, and overlay a thicker SBP 
than that on the femoral condyles. Similarly, the cartilage in the medial joint compartments was thicker, less cellular 
and overlying a thicker less dense SBP than that in the lateral joint compartments. There was no variation in bone 
histomorphometric parameters or mineral apposition rate between regions. 
Biomechanical testing has shown that loading is not uniform throughout the normal human knee joint. The present 
results suggest hat loading within the ovine knee is also nonuniform, with the central regions of the tibial plateaux 
bearing greater loads than the femoral condyles, and the medial joint compartment being loaded more than the lateral 
one. The articular cartilage and subchondral bone have adapted in order to best withstand these variations in loading. 
These histological findings, plus the topographical variations in cartilage biochemistry reported by Read et al. 
(Topographical variation in composition, PG-biosynthesis and swelling pressure of cartilages of loaded tibio-femoral 
joints (Abstract). Proceedings of the Combined Meeting of the Orthopaedic Research Societies of USA, Japan and 
Canada. Banff, Alberta, October 1991:1.), emphasize the need for focal analysis of tissues in animal models of joint 
diseases, and the dangers of pooling samples from different joint regions. 
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In t roduct ion  
IN HUMAN patients,  it has been establ ished that  
symptomatic  osteoarthr i t is  (OA) occurs most 
f requent ly  in the knees, hands and hips [1], and it 
is known that  par t icu lar  egions of these joints are 
affected more than  others [2, 3]. The reason for the 
distr ibut ion of lesions with in the jo int  is not ful ly 
understood, a l though i t  has been proposed that  
a l terat ion to jo int  loading may be a signif icant 
factor  [4, 5]. 
Whilst osteoarthr i t ic  jo ints have been examined 
in great detail, there have been few studies into 
topographical  var iat ion of the art icu lar  cart i lage 
and subchondral  bone in normal  joints. One of the 
difficulties encountered when attempt ing to 
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examine human tissue is the diversity of pat ients  
from whom samples are obtained, i.e. vary ing  age, 
weight, use of joints, etc. This problem can be 
overcome by using a homogeneous group of 
animals from a single source. Fur thermore,  the use 
of a large animal such as the sheep allows the jo int  
to be divided into mult iple regions, each with 
enough art icu lar  cart i lage and subchondra l  bone 
to .be assessed separately.  
The use of an ovine model c i rcumvents  the 
ethical  and f inancial  problems associated with the 
use of bipedal animal models. A l though the sheep 
is a quadruped, the ovine knee is similar to that  of 
humans. Apart  from size, there are few anatomica l  
differences between the two species. The lateral  
t ibial p latea~ and lateral  femoral  condyle of the 
sheep are sl ightly larger  than their  medial  counter-  
parts [6, 7], whereas in man the medial  t ibial 
p lateau and medial  femoral  condyle are s l ight ly 
larger [8-10]. Observat ion of ovine menisci  in situ 
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shows that they are very similar to those in the 
human knee, the medial meniscus is more 'C' 
shaped and more firmly attached than the lateral 
one, and the lateral meniscus covers a greater 
proportion of the lateral tibial plateau than the 
medial meniscus covers on the medial tibial 
plateau (Armstrong an~ Read, unpublished ata). 
These observations have also been reported in 
humans [11, 12]. 
Sheep also have the added advantage that, when 
standing, the knee joint is relatively extended, as 
in man. (Conversely, dogs and particularly rabbits, 
rats and mice, stand with their knees flexed.) This, 
and the anatomical similarities, may account for 
the results of biomechanical testing by Bellenger 
and Pickles [13], who found that the ovine knee 
functions in a similar fashion to the human knee. 
Previously, we have shown that articular 
cartilage from different regions of the ovine knee 
shows variations in biochemical composition, 
proteoglycan (PG) biosynthesis and swelling press- 
ure [14]. Variations in PG synthesis have been 
found within the murine knee [15] and 
glycosaminoglycan content has been shown to 
vary between regions of the canine knee joint [16]. 
The current study further investigated topograph- 
ical variation within the ovine knee. The aim of the 
experiment was to ascertain whether variation in 
the histological features of the articular cartilage 
and subchondral bone exist between the different 
regions of the ovine knee joint. 
Mater ia l s  and methods  
Six, 2-year-old merino wethers were purchased 
from a single supplier. This ensured that the sheep 
were all aged within 6 weeks of each other and had 
all been exposed to similar exercise and environ- 
mental conditions. Their mean weight was 51.7 kg 
(range: 49.0-55.0 kg). 
All six sheep were sacrificed using 20ml 
intravenous pentobarbitone sodium (300mg/ml, 
Valabarb, Pitman-Moore, NSW, Australia). The 
left and right knee joints were carefully opened so 
as to avoid any damage to the articular cartilage 
and a record was made of any gross roughening, 
fissuring or ulceration of the cartilage, and any 
chondro-osteophyte d velopment. Using a band 
saw, two transverse bone slabs were cut from both 
the tibia and femur as described previously [17]. 
These slabs were approximately 5mm wide and 
incorporated the central oad bearing area of the 
tibia as determined by Bellenger and Pickles [13], 
and the opposing region of the femur. Each slab 
was then cut along a mid-sagittal plane, producing 
two medial and two lateral tibial slabs (MT and 
LT) and two medial and two lateral femoral slabs 
(MF and LF). The anterior (cranial) bone slab from 
each region was decalcified and used for 
assessment of cartilage histology. The posterior 
(caudal) slab was used for bone mineral density 
assessment and then embedded without decalcifica- 
tion for histomorphometric assessment of the 
subchondral bone. 
ARTICULAR CARTILAGE HISTOLOGY 
The anterior bone slabs were decalcified in nitric 
acid and a small region, including the central oad 
bearing area [Fig. l(a)], was embedded in paraffin 
wax. Six-micrometer sections were cut and stained 
with either hematoxylin & eosin (H & E) or alcian 
blue [18]. The modification of Mankin's scoring 
system used previously by the authors [17] was 
used to score the severity of any histological 
cartilage damage on the H & E- and alcian blue- 
stained sections. This provided amaximum score of 
21 for each section. 
The thickness of the articular cartilage and 
subchondral bone plate (SBP) and the ehondrocyte 
density were all measured on the H & E-stained 
sections. The thickness of the articular cartilage 
was measured using the four times obje*tive and 
(a) 
Femur Tibia 
(b) 
Femur Tibia 
FIG. i. (a) Diagram of decalcified bone slabs Showing the 
regions (cross-hatched) from which sections for histo- 
logical analysis were cut. (b) Diagram of undecalcified 
bone slabs showing regions in which bone mineral den- 
sity was assessed (units: ram). 
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an eyepiece graticule with 25ttm graduations 
(Graticules Ltd., Kent, U.K.). The eyepiece 
graticule was calibrated using a stage micrometer 
(Graticules Ltd., Kent, U.K.). The distance be- 
tween the articular surface and the underlying 
SBP was measured at five evenly spaced sites along 
the section and a mean value was obtained for each 
section. The chondrocyte density was measured 
using the 10 times objective and a calibrated eye- 
piece graticule with 100x 100#m squares. The 
number of darkly staining nuclei within a 
300 x 300 #m region of the section located 50pro 
below the cartilage surface was counted. This 
region was selected as it was where the majority of 
changes in cell density were previously observed 
by the authors and it avoided the difficulties en- 
countered in determining cell numbers in areas of 
surface roughening. The number of cells was 
counted at three evenly spaced sites along the 
section and a mean value obtained for each sec- 
tion. 
The thickness of the SBP was measured using 
the same magnification and eyepiece graticule as 
was used for cartilage thickness. Measurements 
were made at five sites along the section and a 
mean value calculated. Measurements started at 
the cartilage/bone interface and continued 
vertically until a marrow space greater than 
500pm in diameter was encountered. The only 
exception to this process was when this measure- 
ment was obviously extending down the centre of 
a trabeculum, in which case the SBP was 
considered to end on a line drawn between the top 
of the two adjacent marrow spaces. 
BONE MINERAL DENSITY (BMD) ASSESSMENT 
The posterior bone slabs were placed in a water 
bath approximately 4 cm deep and an ultra-high 
resolution 2.5 x 5.5 cm BMD scan was performed 
using a Hologic Model QDR-100 X-Ray Bone 
Densitometer (Hologic Inc., Waltham, MA, 
U.S.A.). Once the entire bone slab had been 
scanned the BMD was calculated (in g/cm ~) for the 
regions of interest shown in Fig. l(b). The BMD 
was then converted to g/cm 3 by dividing the value 
in g/cm 2 by the thickness of the bone slab measured 
in the region of interest by vernier calipers. 
SUBCHONDRAL BONE HISTOMORPHOMETRY 
The posterior bone slabs were dehydrated in 
increasing concentrations of alcohol, infiltrated 
with methyl methacrylate (MMA, Fibreglass 
Material Services, Sydney, Australia), then 
embedded in MMA containing 3g/100 ml benzoyl 
peroxide (Ajax Chemicals, Sydney, Australia) as a 
catalyst. Undecalcified bone sections were cut and 
stained with solochrome cyanin as previously 
described [19]. Using the 20 times objective, a 
manual point-counting technique was used to 
assess volume and surface parameters in both the 
SBP and underlying trabeculae. An eyepiece 
graticule with 42 points and 21 bars (Weibel II, 
Graticules Ltd., Kent, U.K.) was used to examine 
between 1000 and 2000 points for the volume 
parameters and between 100 and 200 surfaces for 
the surface parameters. The quantity of 
points/surfaces is in excess of that recommended 
by Gundersen et al. [20] and has been found by the 
present authors to produce accurate reproducible 
results. The following parameters were calculated 
as described by Parfitt et al. [21] and Armstrong 
et al. [19]: bone volume, osteoid volume, osteoid 
surface, eroded surface and quiescent surface. 
MINERAL APPOSIT ION RATE MEASUREMENT 
Ten and three days prior to sacrifice, the sheep 
were administered 20mg/kg intravenous tetra- 
cycline (Pfizer, NSW, Australia) to label newly 
mineralizing bone. Undecalcified sections were cut 
from the posterior blocks as described above, and 
mounted unstained. These sections were viewed 
under an Olympus Vanox microscope (Olympus 
Optical Co. Tokyo, Japan) with a vertical 
fluorescence il luminator attachment (Model AH- 
RFL-LB) using violet light exciter filter UG-5 and 
barrier filter Y-475. The distance between adjacent 
tetracycline labels was measured using the 20 
times objective and the calibrated eyepiece 
graticule mentioned previously. This value was 
then divided by seven to calculate the mineral 
apposition rate in/~m/day. 
Stat i s t i ca l  ana lys i s  
Differences in cartilage histology, thickness, and 
cell density, SBP thickness, BMD and subchondral 
bone histomorphometry and apposition rate, 
between regions, were determined using the 
Student's paired t-test. Statistical significance was 
said to occur when P < 0.05. 
Resu l ts  
GROSS PATHOLOGY 
Three of the six sheep demonstrated slight 
roughening on the central region of the right MT 
and three showed similar changes on the left MT. 
Two sheep had roughening on the right MF and 
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FIG. 3. Articular cartilage thickness in different regions 
within the left ([]) and right ( I )  o~ine knee. Significant 
differences: a < b, g > h,b > d (P < 0.05); f>  h (P < 0.01). 
in the lateral  than medial jo int  compartments  
(Fig. 4). Chondrocyte density in the LT of the r ight 
leg was unexpectedly high, and signif icantly 
greater  than that  in the left LT. 
CARTILAGE H ISTOLOGY 
The mean Mank in  scores for the sections from 
the four regions of the r ight and left legs are shown 
in Fig. 2. The scores obtained in all regions except 
the left LF were pr incipal ly due to mild loss of 
alc ianophi l ia in the superficial zone of the 
cart i lage and/or roughening of the art icu lar  sur- 
face. A small number  of chondrocytes in four tibial 
sections were undergoing mitosis and had formed 
occasional cell doublets. In addit ion to surface 
roughening and decreased superficial staining, five 
of the sections from the left LF showed decreased 
terr i tor ia l  alcianophi l ia,  and three had sl ightly 
decreased alc ianophi l ia in the deep cart i lage zone. 
CARTILAGE THICKNESS 
The art icular  cart i lage thickness of the var ious 
regions of the jo int  is shown in Fig. 3. The cart i lage 
of the r ight MT was th inner  than that  of the left 
MT, and the cart i lage of the r ight LF was th icker  
than that  of the left LF (P < 0.05). In both knees, 
the cart i lage tended to be th icker  in the medial 
than lateral  jo int  regions, and th icker  on the tibia 
than the femur. 
CHONDROCYTE DENSITY 
Cell density was higher in the femur than the 
tibia (except LF vs LT in the r ight leg) and higher 
SUBCHONDRAL BONE PLATE THICKNESS 
The SBP of the r ight MT was th icker  than that  
of the left MT. Also the SBP was th icker  in the 
tibias than the femurs and in the medial compared 
to lateral  jo int  compartments (except MT vs LT of 
the left leg) (Fig. 5). 
BONE MINERAL  DENSITY  
BMD varied between the left and r ight legs of 
the sheep. The left legs had a signif icantly h igher 
50 
40 ::z 
o 
o~ 
X 
N 3o 
c~ 
~ 20 
10 
Medial 
tibia 
Lateral 
tibia 
Site 
Medial 
femur 
Lateral 
femur 
FIG. 4. Chondrocyte density in different regions within 
the left ([~) and right (n)  ovine knee. Significant differ- 
ences: a < b, c < b (P < 0.01). 
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FIG. 5. Subchondral bone plate thickness in different 
regions within the left ([~) and right ([]) ovine knee. 
Significant differences: a > c (P < 0.01); a > b, d > e 
(P < 0.05). 
BMD in the MF than the r ight legs (P < 0.05). 
Also, there was a trend towards h igher  BMD in 
all regions of the MT and lower BMD in the LT 
of the left legs compared to the r ight legs 
(Fig. 6). The BMD of the per ipheral  L4 regions 
of the MT and LT was signif icantly lower than 
the adjacent L3 region. In the r ight  legs, the 
BMD was h igher  in the L2 region of the LT than 
the L2 region of the MT (P <0.01) (Fig. 6). 
SUBCHONDRAL BONE HISTOM~)RPHOMETRY 
The h is tomorphometr ic  assessments of both the 
SBP and t rabeculae showed no dif ferences between 
the left and r ight legs and no differences between 
the medial  and lateral  or t ibial and femoral  jo int  
compartments.  
MINERAL APPOSIT ION RATE 
No differences in mineral  apposit ion rate  existed 
between the var ious regions examined. 
Discuss ion  
Superficial  cart i lage roughening and f ibr i l lat ion 
are commonly observed in normal  adult  joints. 
Oettmeier  et al. [22] reported f ibri l lation in 3.6% of 
control  dogs and Bul lough et al. [23] concluded that  
softened, f ibri l lated cart i lage on exposed 
art icu lat ing surfaces was present in all normal  
hea l thy dogs. Similarly, mild roughening of regions 
of the art icu lar  surface of nonsymptomat ic  or 
'normal '  human joints has f requent ly  been reported 
[24-27]. The mild roughening observed in the cur- 
rent  sheep could therefore be considered 'normal '  
part icu lar ly  in the l ight of the authors '  prev ious 
exper ience with more than one hundred normal  
sheep in a series of exper iments on OA. Mild 
roughening was common in these control  animals. 
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The modified Mankin scores shown in Fig. 2 may 
appear higher than in reports by other workers, 
however this is due to the increased sensitivity of 
thecurrent scoring system [17] rather than to more 
severe histological changes. Additionally, there 
was no gross or histological evidence of chondro- 
osteophytes in these animals, further indicating 
that they were 'normal'. 
When considering topographical variation 
within normal knee joints, there are three compari- 
sons that can be made: 
(i) right vs left knees, 
(ii) tibia vs femur, 
(iii) medial vs lateral. 
Whilst differences were observed between the right' 
and left knee joints, the cause of such differences 
is not obvious. The MT of the right knee had 
thinner articular cartilage, lower BMD and a 
thicker SBP than the left MT. The right MF also 
had a lower BMD than the left MF. Since it has 
been observed that articular cartilage is thicker in 
heavily loaded regions of joints [16, 22], and as 
bone is known to develop the structure that best 
resists the forces acting on it [28], it may be 
concluded that the medial joint compartment of
the right leg was bearing less weight than the 
medial compartment of the left leg. 
Conversely, the LT of the right leg had a higher 
cell density and higher BMD than the left LT, and 
the right LF had thicker articular cartilage than 
the left LF. This could be interpreted to indicate 
that the lateral joint compartment of the right leg 
was bearing more weight han the lateral compart- 
ment of the left leg. Combining these two interpret- 
ations, one might conclude that the sheep were 
either leaning to the right or bearing more weight 
on the right side of their body. However, when a 
force plate was used to analyse gait, no difference 
in weight bearing was observed between the two 
hind legs of normal sheep (Armstrong and Read, 
unpublished ata). 
Regardless of the cause, the fact that there were 
differences between the two legs is an important 
observation. The contralateral knee is often used 
as a control joint in experiments involving the 
induction of disease processes in one knee. It is 
important to establish that there are no differences 
between the two knees prior to induction of 
disease, and the current results clearly show that 
in the ovine knee this is not the case. Therefore a
separate group of animals should be used as 
unoperated controls in such experiments. 
The articular cartilage of the tibia was generally 
thicker and had a lower chondrocyte density 
(especially medially) than that of the femur 
Table I 
Comparison of articular cartilage and 
subchondral bone plate parameters of the 
tibia and femur 
Tibia vs Femur Tibia Femur 
Cartilage thickness Thicker Thinner 
Chondrocyte density Lower Higher 
SBP thickness Thicker Thinner 
Bone Mineral Density N/A N/A 
(Table I). Vignon et al. [25] and Stockwell [29] 
found the same inverse relationship between 
human articular cartilage thickness and cell 
density. Kiviranta et al. [16] also reported that the 
tibial cartilage of dogs was thicker than the 
femoral cartilage. In a study of the topographical 
variation of biochemical parameters in normal 
ovine knees, Read et al. [14] found that the tibial 
cartilage had a higher swelling pressure, less 
collagen and lower PG content and biosynthesis 
than that on the femur. Thus it appeared that the 
articular cartilage on the ovine titfia was thicker, 
less cellular and biochemically inferior to that on 
the femur. 
Similarly, medial cartilages were thicker and 
less cellular than those of the lateral compart- 
ments (Table II). The articular cartilage on the 
medial femur of dogs has also been reported to be 
thicker than that on the lateral femur [16]. The cell 
density in the right LT of these sheep was unex- 
pectedly high (>40 cells/300 x 300#m area). In 
studies by the authors using other groups of sheep, 
the cell density in the right LT was lower (<30 
cells/300 x 300 #m area), and more consistent with 
the values obtained in other regions of the joint 
[17]. These lower figures also compare favourably 
with those calculated by Stockwell [29] for ovine 
femoral condyle cartilage (i.e. 52.9 x 103 cells/mm 3 
which is equivalent to 28.6 cells/300 x 300 #m area 
in a 6 #m-thick section). 
In addition to being thicker and less cellular, 
Read et al. [14] reported that cartilage explants 
from the medial joint compartment of sheep incor- 
porated less radiolabeled sulfate than did those 
Table II 
Comparison of articular cartilage and 
subchondral bone plate parameters of the 
medial and lateral joint compartments 
Medial vs Lateral Medial Lateral 
Cartilage thickness Thicker Thinner 
Chondrocyte density Lower Higher 
SBP thickness Thicker Thinner 
Bone Mineral Density Lower Higher 
(L2 region of tibia) 
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from lateral compartments. Similarly van Osch 
et al. [15] reported that in vivo incorporation of 
sulfate into murine knees was less in the medial 
than lateral  tibial plateaux. 
As discussed previously, the reason for regional 
variation in articular cartilage is likely to be due 
to differences in loading [16, 22,28]. The 
distribution of loads between the medial and 
lateral joint compartments has been examined 
previously. Using photoelastic models, Radin et al. 
[30] found that under a static load, stresses in the 
MT were 50% greater than in the LT. Walker and 
Hajek [31] measured contact areas within human 
cadaver knees during flexion and calculated that 
at heel strike and just before toe off the medial 
condyle supported four times more load than the 
lateral condyle. Given that the ovine knee is 
anatomically and biomechanically similar to the 
human knee [6, 7, 13], it appears that greater 
loading in regions of the ovine knee produces a 
thicker, less cellular, poorer quality matrix. 
The differences observed between the medial and 
lateral tibial plateaux may also be due to variation 
between the two menisci. In humans, the medial 
meniscus covers a smaller proportion of the medial 
tibia than does the lateral meniscus on the lateral 
tibia, and the medial meniscus is less firmly at- 
tached to the tibia [12, 32]. It has been concluded 
that the lateral meniscus is more important in load 
bearing in the lateral joint compartment than the 
medial meniscus is in the medial compartment [12]. 
The authors have observed similar differences be- 
tween the two menisci in sheep. Hence, the thicker, 
less cellular, poorer quality matrix on the medial 
tibia may develop as a consequence of being less 
well protected from loading by the meniscus than 
the articular carti.lage on the lateral tibia. 
A similar phenomenon may explain the differ- 
ences that have been reported between the tibial 
cartilages protected by the meniscus and those not 
covered by the meniscus. It has been observed that 
the unprotected tibial cartilage is inferior, i.e. has 
higher swelling pressure, lower collagen and PG 
content, higher water content, greater PG 
extractability, lower in vitro PG synthesis and 
higher in vitro PG release than the cartilage 
beneath the meniscus [14,23,33]. This poorer 
quality matrix is not protected by the load- 
distributing and shock absorbing properties of the 
meniscus [34, 35]. 
The differences between the tibial and femoral 
cartilages might also be attributed to differential 
loading. Due to the presence of the menisci, the 
femoral condyles roll over a relatively stationary 
region of the tibial plateaux during locomotion. 
Thus, the loads transmitted through the tibia 
remain distributed over a fairly small region. 
However the loads passing through the femur are 
distributed over different parts of its articular 
surface as it rolls over the tibia. Hence, individual 
points on the femoral condyles may not be sub- 
jected to such constant loads as points on the tibia. 
Kiviranta et al. [36, 37] found that increased 
loading in canine knees by immobilization of  the 
contralateral knee or by forced exercise (1 h of 
running per day) also produced thicker articular 
cartilage. However they noted that the GAG 
concentration was elevated in the loaded knees. 
The disparity between GAG levels reported in 
these experiments and those in the above- 
mentioned experiments may be due to differences 
in the experimental animals (i.e. young dogs 
compared to adult sheep), or due to the type of 
loading (i.e. artificially increased in the dogs com- 
pared to the normal oad range of an ovine knee). 
It is of interest o note that the SBP thickness 
mirrored that of the overlying cartilage, i.e. 
thicker in medial compared to lateral compart- 
ments and thicker in the tibia compared to the 
femur (Tables I & II). Also, within the tibia the 
lateral SBP had a higher BMD (L2 and L3) than the 
medial compartment (Table II). This observation 
may be explained by the finding of Radin and Paul 
[38], that force attenuation is principally 
performed by the subchondral bone and periarticu- 
lar tissues. The thicker, poorer quality cartilage 
matrix of the medial tibia overlies a thicker, less 
mineralized SBP, hence it is possible that such a 
SBP is better able to attenuate forces than more 
dense bone and may therefore be protecting the 
overlying cartilage that is subject to greater 
loading [39, 40]. 
The lack of any difference in subchondral bone 
histomorphometry and mineral appositional rate 
between the various joint regions is not surprising. 
Although the SBP was thicker in some regions, 
this does not mean that the bone in this region is 
more metabolically active, nor that it has a greater 
volume of bone or osteoid per unit of tissue volume. 
It can be concluded that although the SBP was 
thicker in the-tibia than the femur and thicker in 
the medial than lateral compartments, the rate of 
bone remodeling was the same in all regions. 
This experiment has shown that there is 
considerable topographical variation within the 
ovine knee when it is examined on a histological 
basis. This adds to the pre-existing knowledge that 
there are biochemical differences between the 
regions of the knee. These finding have several 
implications. Firstly, they challenge the correct- 
ness of using contralateral knee joints as control 
joints in some animal models. Secondly, these 
32 Armst rong  et a l . :  Topographica l  var iat ion in ovine knees  
regional  di f ferences may help explain why disease 
processes uch as OA tend to or ig inate in part icu-  
lar  regions of joints. Final ly,  the conc lus ion that  
topographica l  di f ferences in load bear ing produce 
dif ferent h isto logical  features with in the normal  
knee may have impl icat ions for the deve lopment  of 
knee (and other  joint) prostheses.  
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